Introduction
Human breast milk is accepted as the ideal nutrition for new born infants, including those born preterm [1] . The World Health Organisation (WHO) and other authorities recommend that new born should receive exclusive breast feeding for the first six months of life [2, 3] . However, despite this recommendation breast/breast milk feeding rates among new born infants in the UK is among the lowest worldwide [4] . At 34 weeks, infants are unable to suckle effectively. Therefore, we use the term breast/breast milk feeding to include both expressed milk and breastfeeding.
The last quinquennial UK infant feeding survey indicated that respondents' reported breastfeeding initiation has continued to rise since 1990, reaching 81% in 2010 [5] . However, prevalence of breastfeeding has fallen to 69% at 1 week, 55% at 6 weeks and 39% at 6 months. In this 2010 survey 3% of the infants were
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born at ≤ 34 weeks gestation and 83% of those born <32 weeks gestation was reportedly admitted to the "special care" unit. It is also worth noting that the 2010 Infant survey may have suffered from a non-response bias, to the exclusion of more deprived socio-demographic groups and those who do not breastfeed. The widespread availability of breastmilk substitutes and the medicalisation of childbirth and nutrition are some of the reasons underlying the low prevalence of breast feeding [6] [7] [8] . These factors which are likely to be amplified in the highly medicalised environment of the neonatal intensive care unit (NICU) coupled with prematurity and infant-mother separation further mitigates successful breast milk feeding in this setting [9] .
In 2003 the department of health (DoH) recommended the reorganisation of neonatal care in England and Wales into managed clinical networks. The main ethos of this recommendation was that highly specialised intensive care should be provided in a few centres with subsequent repatriation for convalescent care to less specialised centres, preferably closer to home [10] . The DoH report made no recommendation regarding the formal evaluation of the impact of this major service re-organisation on different aspects of neonatal care but there was recognition of the importance of collecting high quality data to explore such impact. Evidence regarding the impact of neonatal service re-organisation is now beginning to emerge from some of the databases established following its implementation [11] .
Our neonatal clinical network was inaugurated following the DoH recommendations and underwent a service re-organisation in 2005. This led to cot expansion in our regional neonatal unit to accommodate the increased activity that followed the closure of a neighbouring, smaller neonatal unit. In this study we have reviewed the infant feeding data captured before and after this service re-organisation over a nineteen-year period (1992 -2010). We aimed to determine the incidence of breast milk feeding in very preterm infants at four time points during the neonatal period and at discharge, and explore the predictors of breast milk feeding at discharge; before and after the neonatal service re-organisation. We hope our study findings will inform future research and interventions into this important aspect of neonatal care.
Materials and Methods
This study was deemed to be a service improvement review, and was approved as such by the hospital's Research and Development department.
Subjects and setting
Study data was prospectively collected and retrospectively extracted and analysed from our NICU database of clinical records. Preterm infants born <34+0 weeks gestation and admitted to the NICU between 1 st January 1992 and 31 st December 2010 and survived to discharge were eligible for inclusion. This study period naturally divided into two epochs: before and after 1st July 2005, when the neonatal service delivery re-configuration took place in our centre. In-born infants discharged before day 7 of life and out-born infants admitted after day 7 of life were excluded from the study.
Information on the types of milk fed on days 7, 14, 21, 28 and at discharge was extracted from the clinical database. Infant feeding at these five time-points was categorised into four groups: 
Statistical methods
Discharge date was used to allocate infants to study epoch. Demographic data were described using percentages for categorical variables and median and inter-quartile ranges for interval variables. Distributions of the interval data were examined, with differences between the two epochs explored using non-parametric methods (Mann-Whitney U-test).
Due to the low numbers exclusively breastfeeding, feeding groups were further conflated into two groups: breast milk or mixed feeding (any breast milk) and exclusively formula milk feeding.
Relationships between demographic variables and enteral feeding on day 7 of life (a proxy for early initiation or absence of breast milk feeding) was explored using univariate, bivariate and multivariate analyses to identify predictors of any breast milk feeding at discharge.
The prevalence of any breast-milk feeding (any) at discharge was explored in a series of binary logistic regressions model using known predictors: feeding method at 7 days (dichotomised as above), sex, singleton/multiple birth, delivery mode (dichotomised as spontaneous or other), gestational age (in weeks), birth weight (in grams), length of hospital stays (in days), and separate time trends (measured in years) covering each epoch.
The two trends were retained throughout, but other nonsignificant predictors were removed iteratively, starting with the least significant; the final model has all remaining predictors deemed to be statistically significant (with p-values <0.05). No missing data were imputed, so infants discharged or not enterally fed at day 7 were automatically excluded from these models.
Results
Data from 1018 infants born <34+0 weeks gestation who met the study inclusion criteria were reviewed (Figure 1) All categorical and interval demographic variables ( Table 1) were tested using unadjusted and bivariate statistics and no statistically significant differences were observed between study epochs. Interval demographic variables were not normally distributed, indicating the need for non-parametric methods.
Feeding during the neonatal period
Exclusive breast milk feeding in the neonatal period remained low throughout the study period; and varied from an average of 1.7% on day 7 of life to 4.2% on day 28 of life ( Table 2) .
Mixed feeding (formula+breast milk) was the most popular method at all four time-points in the neonatal period, but there was a progressive fall over time in the proportion of infants who were mixed-fed, declining from a high of 73.5% on day 7 to 56.1% on day 28 ( Table 2) .
Infants in the second study epoch were slightly more likely to be receiving any breast milk feeding (exclusive and mixed) at days 7, 14, 21 and 28 in unadjusted analyses (undertaken after excluding those already discharged and those not enterally feeding at the specific time-point in Table 2 ).
There was a significant upward trend in any breast milk feeding on day 7 of life during the first study epoch (Χ 1530-5290 Note: No variables were normally distributed, indicating the need for non-parametric tests. All variable above were tested using bivariate, unadjusted statistics, and no statistically significant differences were observed. 
Trend of milk feeding at discharge
All the study infants were feeding enterally at the time of discharge. The proportion of infants exclusively breast milk feeding at discharge increased slightly from 10.4% in the first study epoch to 13.8% in the second.
Exclusive formula feeding was most popular at discharge; with an average of 68% during the study. However, the proportion of infants receiving exclusive formula feeding fell from 74.8% in the first study epoch to 59.1% in the second (Table 4) .
Infants in the second epoch were significantly more likely to be receiving any breast milk feeding (exclusive and mixed) in unadjusted analysis. The proportion of infants receiving mixed feeding at discharge increased from 14.8% in the first study epoch to 27.1% in the second study epoch ( Table 4) .
The overall upward trend in any breast milk feeding at discharge found during the study was however most marked during the first study epoch (Χ 2 =18.41, df=1, p<0.001; Table 5 ). This finding is also demonstrated graphically by the upward linear trend during the first study epoch (Figure 3a) . In contrast, the upward trends in any breast milk feeding at discharge noted during the first study epoch disappeared during the second study epoch (Χ 2 =0.26, df=1, p=0.61; Table 5 ). This is also demonstrated graphically by the almost flat linear trend for the second study epoch (Figure 3b) .
Predictors of "any breast-milk feeding" at discharge
The binary logistic regression model showed that any breast milk feeding at discharge was significantly and positively associated with both singleton pregnancy and any breast milk feeding on day 7 of life, but significantly and negatively associated with length of hospital stay (Table 6 ).
There was evidence of a temporal trend (that is, a sustained increase over time) in any breast milk feeding at discharge, but this was limited to those infants in the first study epoch, where a statistically significant and positive slope trend coefficient of 0.13 (p<0.001) was observed. The corresponding trend for the second study epoch was not significant, with trend coefficient 0.07 (p=0.317).
The adjusted association of singleton birth and "any breast milk feeding" at discharge was significant (adjusted OR for nonsingleton births of 0.43, p<0.001) in contrast, increasing length of hospital stay was negatively associated with "any breast milk feeding" at discharge (an adjusted OR of 0.98, p<0.001). 
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Feeding patterns at discharge during study period 1992-2010 (n=1018). Trend of milk feeding at discharge. Trend of milk feeding at discharge. Other demographic variables including: gestational age, gender, birth weight and delivery mode were found during the modelling process to be non-significant predictors of any breast milk feeding at discharge in this study, and hence do not appear in the final model.
Discussion
Enteral feeding practices among preterm infants admitted to NICUs varies in type of milk, route of feeding, frequency of feeding and rates of advancement [12] . The process of feeding the preterm infant with breast milk is generally divided into three phases: initiation, maintenance (breast milk feeding) and transition to breast feeding at or before discharge from hospital [13] . Each of these three phases can be affected by: prematurity, separation between infant and mother, the health of the mother following childbirth, multiple pregnancies and the infant's clinical course.
Reassuringly the majority of the cohort (92.5%) received some enteral feeding on day 7 of life. This time point is important given that delivery by caesarean section was expectedly more prevalent (55% to 61%) in this cohort of preterm infants than in the wider population and these mothers, particularly those undergoing emergency sections, may be more likely to experience physiological constraints to breast feeding than those who confined naturally [14] [15] [16] [17] [18] . Also, 75.2% of the infants on day 7 of life received some form of breast milk (exclusive or mixed feeding) which suggests that many women who deliver preterm are initiating breast milk feeding early. This finding resonates with the UK infant feeding surveys [19, 20] . However, the observed marked upward trend in initiation of breast milk feeding seen 1992 -2004 had ceased by 2006. This reversal of secular trends following service reconfiguration is of concern and should be monitored.
Despite the evidence of increased initiation of breast milk feeding in preterm infants, this is not usually sustained during the first month of life. There was a steady decline in any breast milk feeding week by week as illustrated in Table 2 . More infants changed from mixed feeding to exclusive formula rather than to exclusive breast milk feeding at all four time points during the first month of hospital stay. This declining trend in breast milk feeding culminated in a prevalence of 32% at discharge (range 25.2% to 40.9%) across the study period (1992-2010) in Table  4 . Whilst we are getting better at encouraging more mothers to provide breast milk for their preterm infants in the early period of their NICU stay, there is less success in maintaining lactation for the duration of hospital stay. This is a cause for concern, given that breast milk supply will cease if lactation is not maintained [21] . However, infants born after the service re-organisation in 2005 were more likely to receive any breast milk feeds at all four time points in the neonatal period and at discharge. Similarly, the practice of exclusive formula feeding early in life changed during the study period, with an overall trend away from exclusive formula feeding between 1992 and 2010 on a yearly basis: the rate of exclusive formula feeding at discharge fell from 75% before 2005 to 59.1% thereafter.
The average length of hospital stay in our study was one month and the longest duration of stay by any infant was six months. Both time frames fall within the current recommendations for exclusive breast feeding in newborn infants [2, 3] . Our findings therefore raise pertinent question regarding whether exclusive breast milk feeding is a realistic target in very preterm infants admitted to NICUs? The barriers to successful maintenance of lactation by nursing mothers following preterm birth are well documented including: mother/baby separation, the fragility and limited neurological competence of preterm and sick infants, anxiety and stress following delivery of a high risk baby and potentially suboptimal staff attitude and lack of lactation support [9, 22] . However, there has always been the assumption that these obstacles are easily surmountable and that breast milk feeding can be successfully achieved in all infants admitted to NICUs. Clinicians should therefore bear our report of declining upward trends of breast-milk feeding in mind when planning service reconfiguration and breast-feeding support/intervention in this group of women.
The few existing studies on early predictors of breast milk feeding at discharge among the preterm population admitted to NICU have yielded conflicting findings [23] [24] [25] [26] [27] . We found that singleton birth, more recent year of birth (during the 1st epoch) and "any breast milk" feeding on day 7 of life are positively associated with "any breast milk feeding" at discharge. On the contrary, longer hospital stay had a negative association with "any breast milk feeding" at discharge. Birth weight, birth gestation and mode of delivery had no association with "any breast milk feeding" at discharge. These are potentially important findings which need further evaluation to ascertain their usefulness in guiding future breast milk feeding interventions in NICU.
Moreover, while some of these predictors are expected, feeding on day 7 is novel. The "non-effect" of mode of delivery on feeding on discharge means that infant feeding on day 7 is most likely relevant to both mothers who deliver surgically and naturally.
It is fair to state that by day 7 after delivery most mothers, irrespective of delivery mode, will have recovered from labour and confinement sufficiently to be physically able to provide breast milk for their infant. This being the case, we opine that this period in a newly-born baby's life provides another "window of opportunity" for targeted breast feeding support which could influence breast milk feeding outcomes at the time of discharge. The importance of such early intervention is highlighted in an economic analysis, indicating that breastfeeding support is cost-effective in neonatal units [28] . In contrast, randomised controlled trials of community breastfeeding support initiatives in the UK indicate no benefit [29] [30] [31] .
Limitations of our study
Our study period spans almost two decades and it can be argued that feeding practices in NICU have changed over this period. However, the feeding practices in our later epoch (2005) (2006) (2007) (2008) (2009) (2010) are current and therefore comparable with practices in similar NICUs in the industrialised world. Moreover, the patient demographics and outcomes were largely unchanged throughout the study period which suggests that the factors affecting preterm feeding in NICU remain unchanged and hence our findings are pertinent and relevant today.
We excluded inborn infants discharged before day 7 of life and out-born infants admitted after day 7 of life in order to capture the data of interest at all four time points in the neonatal period. Likewise, infants who died before discharge from hospital was also excluded from the study in order to enable us explore feeding at discharge and its predictors. Exclusion of these infants did not affect the results because of the small numbers involved. We also acknowledge that there were far more years in the 1st study epoch than the 2nd epoch period but the number of infants in each period and the demographic variables were not significantly different. Finally, although the study data were collected from a single regional neonatal centre in the UK, the issues raised are likely to be of importance across the UK and most industrialised and developing world.
Conclusion
Our study shows that more infants now receive breast milk in the first week of life. However, the increased initiation of breast milk feeding is not usually sustained throughout the neonatal period and beyond. Moreover, the upward trend in breast milk feeding almost ceased in 2005, a development that should be monitored closely. Breast milk feeding at day 7 appears to be a novel predictor of any breast milk feeding at discharge. This finding, if confirmed, should inform breast milk feeding interventions in NICUs. Our study findings can also form the basic template for organisations and countries interested in monitoring the impact of neonatal service re-organisation on preterm feeding practises.
Similarly, this dataset can also help refocus data collection on preterm infant feeding in NICUs, to capture all aspects of preterm breast milk feeding -from initiation to maintenance and ultimate transition to breast feeding at discharge.
